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SEQUENCE OF EPIPHYSEAL FUSION IN THE
ROCKY MOUNTAIN BIGHORN SHEEP
Danny
Abstract.

N. Walker'

— Sequence and timing of epiphyseal fusion of the postcranial skeleton of Rocky Mountain bighorn sheep

(Ovis canadensis canadensis) was examined. Ages up to four years can he determined. Slight differences were found in
the time of fusion between males and females. These do not prevent determining the age of a skeleton within a period
of two or three months, an accuracy comparable to existing technicjues that involve tooth eruption schedules, horn
annulations, or incisor cemental annulations.

Several techniques have been developed or
proposed on skull or mandible characteristics
to determine ages of bighorn sheep (Ovis
canadensis canadensis). These include tooth

as

an aging technique for the postcranial

skeleton of bighorn sheep similar to those established for other taxa. The present study

was undertaken to provide this information on
the Rocky Mountain bighorn sheep.

eruption schedules (Cowan 1940, Deming
1952, Hemming 1969), cemental annuli ac-

(Hemming 1969, Turner 1977),
horn annulation counts (Cowan 1940, Murie
1944, Tavlor 1960, Welles and Welles 1961,
Geist 1966, Hemming 1969, Turner 1977),
and body weight or other physiologic features
(Klein 1964, Hansen 1965, Blood et al. 1970).
cretion rates

Materials and Methods
Skeletons of 1 fetus, 6 neonates of unknown
and 44 older animals (23 females and 21

sex,

males, Table

Taylor (1960) presents a small amount of data
on epiphyseal fusion of three selected long
bones and the vertebral column. Without
skulls or mandibles, only general size difference patterns in skeletal development (an inaccurate method because of the sexual dimorphism seen in adults of this species) can be
used to establish age of postcranial skeletal
remains of bighorn sheep.

Deming
first

and Todd 1938, Madsen 1967). The sequence
of fusion with advancing age has been well
established for most domestic animals, including sheep (Getty 1975). However, except

in

1969,

birth period of the

June was assumed (Thorne

Month

or

week

et

al.

of death

greatly reduced.

Because all sheep in this study were born in
the wild, no actual age of any specimen is
known. However, by combining the information provided by the eruption schedules and

for Taylor's (1960) brief mention, there has not

complete fusion sequence established
Archaeologist,

week

A median

was determined from mortality data furnished
by the Colorado Division of Wildlife or the
Wyoming Game and Fish Department. Differences between the two dates provided
monthly age classes within the yearly age
classes. Except for neonates and the fetus,
most specimens used in the study either died
in the wild or were live-trapped animals that
died in captivity within one year of capture.
The remaining animals were in captivity up to
three years before their death. Given this
source of specimens, any potential bias or
early fusion that might have resulted from
probably improved nutrition and related body
changes of animals pen-reared from birth was

technique also used to age animals utithe sequence of epiphyseal fusion of the
postcranial skeleton. This sequence has been
documented for Bison bison (Duftield 1973),
Odocoileiis hemionus (Lewall and Cowan
1963), O. virginianus (Purdue 1983), Cervus
elaphtis (Knight 1966), Ursus americanus
(Marks and Erickson 1966). Limited data are
available for other mammalian species (Todd

office of the Wyoming State
Wyoming 82071.

1952).

1979, Turner 1977).

A

a

(Hemming

tooth eruption schedules

lizes

been

were examined. Yearly age
were established from

1)

classes of these animals
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1.

Rocky Mountain liighorn sheep specimens

examined.
Catalog

nmnher'

UWA-8272B

Sex

Age
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4 on ventral
Odontoid pro-

atlas (first cervical) are at stage

side

and stage

1

on dorsal

side.

humerus epiphepiphyses of the
metatarsal and metacarpal are fused with each
other (stage 4) but at stage 1 with diaphyses.
Four and one-half month, male (N ^ 1):
Distal humerus and proximal radius are at
stage 4. Fusion between the illium, pubis,
and ischium is at stage 4. Supraglenoid tubercle (Tuber scapula) is at stage 4.
Seven and one-half to nine month, male (N
= 8): All epiphyses at stage 3 at four months
cess of axis
ysis

is

is

stage

at stage 3. Distal

2.

The two

distal

now at stage 4 with the vertebra. Other epiphyses on the sacrum are at stage 3. Rib heads
are

now

at stage 2.

Distal

metatarsal are at stage

femur and

distal

Proximal epiphysis
of femur and calcaneal tuber are at stage 3.
Two year, five to eight month, male (N = 4):
4.

at stage 4. Centroquartel is still at
Fusion on dorsal atlas is at stage 3.
Odontoid process of axis is stage 4 with the
rest of the atlas. Illium is stage 3 with pubis
and ischium at the acetabulum. Supraglenoid
tubercle is stage 4, as is proximal radius. Distal epiphyses of metacarpals and metatarsals
are in stage 4 with each other, but still at stage
1 with diaphyses.
One year, five month, male (N = 1): Fusion
sequence on all bones available is the same as
seven-and-one-half-month males.
Overall
size increased during the year's growth. This
specimen was lacking the lower extremities,
and so the fusion stage of phalanges is un-

Distal tibia is at stage 2. Humerus head and
major tuberosity are at stage 3 with each
other, but at stage 1 with the diaphysis. Femur head is at stage 4 with greater trochanter.
Neither is fused to the diaphysis.
Three year, three month, female (N = 1):
Rib heads are at stage 4 with the rest of the rib.
Proximal femiu" is still at stage 3. Humerus
head and major tuberosity are at stage 3 with
each other but at stage 1 with diaphysis.
Three year, four month, both sexes (N = 6):
Caudal vertebrae epiphyses are at stage 4. All
sacral vertebrae epiphyses are at an advanced
stage 3. Anterior and posterior epiphyses of
seventh lumbar vertebra are at stage 4, as are
anterior epiphyses of fifth and sixth lumbar
vertebrae. Proximal and distal femur, proximal til:)ia, proximal humerus, ulna olecranon
process, distal ulna, distal radius, and calcaneal tuber are all at stage 4.
Three year, five to six month, both sexes (N
= 6): Anterior epiphyses of cervical vertebrae
three through seven are at stage 2. All lumbar
vertebrae epiphyses are at stage 4. Thoracic
vertebrae epiphyses are at stage 2 (posterior

known.

vertebrae more so than anterior). All long

are

now at

stage

4.

Seven and one-half to eight month, female
(N = 4): Proximal epiphysis of second phalange

is

stage

3.

month, female (N =
Proximal
end
of
first
phalange
is at stage 4.
2):
Fusion of the three innominate elements is

One

year, four to five

also at stage 4.

Two

year,

two and one-half month, female

(N =

1):

third,

and fourth

Distal tibia

is

at stage 2.

Second,

sacral vertebrae are at stage

2 on their lateral processes, but sacral epiphyses are still at stage 1. Minor trochanter of

femur

is

bones are now at stage 4.
Three year, eight month, female (N = 1):
All postcranial elements of this specimen are
at stage 4. The sternebrae have also fused
together in this specimen, although other
specimens in the collection from older age
classes do not have fused sternebrae. This
may be irregular in fusion, depending on the
individual.

at stage 1.

Two year, three month, male (N = 1): Proximal end of first phalange is at stage 3. Second,
third, and fourth sacral vertebrae are at stage
2 on their lateral processes, but sacral epiphyses are still at stage 1.

Two

year, three

and one-half month,

fe-

male (N = 1): All sacral vertebrae are now at
stage 4 on lateral processes. Distal tibia, distal
metacarpal, and minor trochanter of femur
are

all at

Two
2):

stage

4.

year, four to five

Discussion

The epiphyseal

Anterior epiphysis of first sacral vertebra

is

sequence in the
Rocky Mountain

same yearly sequence in the two sexes. During the first year,
however, males are slightly ahead of females
when specimens of the same age are coml^ighorn sheep follows the

pared. In succeeding years, fusion in females

ahead of males. This may reflect
growth rates of males during the first
year and quicker maturation of ewes in sueis

month, female (N =

fusion

postcranial skeleton of the

slightly

faster
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Summary of known

2.

stage 4 fusion times.

Vol. 47, No. 1

Rocky Mountain bighorn sheep.

Neonate

One week

Four

M

= males. F = females.

to five

month

Seven

to nine

month

Element
First phalanx (proximal)

Second phalanx (proximal)

M-F

Metacarpal (proximal)
Metacarpal (distal)
Metacarpal (distal epiphyses)

M
M

Radius (proximal)
Radius (distal)

Ulna (proximal)
Ulna (distal)

Humerus

(proximal)

Humerus
Humerus

(distal)

M

(proximal epiphyses)

M

Scapula (supraglenoid process)

M-F

Metatarsal (proximal)

Metatarsal

(distal)

M

Metatarsal (distal epiphyses)
Tibia (proximal)
Tibia

(distal)

Femur (minor trochanter)
Femur (head to greater trochanter)

Femur (proximal)
Femur (distal)
Innominate
Innominate

(distal

pubis and ischium)

M-F

M

Cervical vertebrae (epiphyses)

M

Atlas vertebrae (lateral halves)

M-F

Axis vertebra (odontoid process)

M-F

Thoracic vertebrae (neural arches)
Thoracic vertebrae (epiphyses)
Lumbar vertebrae (epiphyses)
Sacral vertebrae

Sacral vertebrae (anterior epiphyses)
Sacral vertebrae (lateral processes)
Vertebrae (centra and neural arches)
Rib (tubercles)

M-F

Rib (head)
Carpal (all elements)

M-F

M

M

Tarsal (centroquartel)
Tarsal (calcaneal tuber)

ceeding years

(Silberberg

and Silberberg

Comparing results of the present study
with Taylor's (1960) work shows some inconsistencies with selected bones. All specimens
examined by Taylor were mortalities horn the
National Bison Range, Montana. Although
this range is fenced, sheep are not restricted
to small

nutrition

(McEwan

pens and

live as natural a lifestyle as

possible (Taylor 1960).

Growth of Taylor's

ani-

mals would not have been biased by intensive

pen rearing and

its

accompanying

different

1968). Neither

was sheep

the present study. Consequently, results of the two studies should be

growth biased

1949).

in

similar.

Taylor (1960, Table XVII) showed the feis not fused until five years, nine months
of age, two and one-half years after the time
shown by the present study. Taylor reported
the metacarpal to fuse at three years, eight
months, which is one and one-half years later
than seen here. The thoracic vertebrae fused
at four years, nine months, according to Tay-

mur
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Table 2 continued.

One
five

year,

Two year,

month

to five

three

month

Two year,
to eight

five

month

Three

year, tliree

to six montli

Three
eight

year,

month

M-F

M-F
M-F
M-F
M-F
M-F

M-F

M-F
M-F
F

M-F

M
M-F

M-F
M-F

M-F

M

M-F

M-F

lor.

This

is

one year and two months

after that

Fusion times shown by
Taylor for cervical and lumbar vertebrae and
humerus agree with the present study.
These discrepancies are unexplained. Exact ages of several of Taylor's specimens (including those particular animals apparently
causing the above discrepancies) were not
known (Taylor 1960). Since this fusion sequence was first established five years ago,
additional specimens not used in the original
study have been examined. In all cases, I have

found

in this study.

been able

to age these additional specimens
using the fusion sequence to an accuracy comparable to tooth eruption sequences, or to
known ages. Based on the consistency with
which 1 have been able to crosscheck this
sequence, I feel ages of Taylor's specimens
were overestimated. Therefore, the fusions in
those skeletons would have appeared to occur
later than they did.
The present study has demonstrated that
the postcranial skeleton of the Rocky Mountain bighorn sheep can be used to determine
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minor sexual differences in
the fusion rates, an estimated age to within at
age. Allowing for

two or three months (Table 2) can be
provided. Little if any individual variation in
the fusion sequence within the age groupings
defined in this study was seen. This is at least
as accurate as age determination methods
based on skull or mandible characteristics.
Tooth eruption and replacement schedules
can be used to age within four to six months
(Cowan 1940, Deming 1952). Cemental annulations are accurate to within a year (and even
then the date of death is needed) (Turner
1977). Horn segment counts are also accurate
only to within one year (Cowan 1940, Geist
least

1966).

DuFFiELD,

Vol. 47, No. 1

F

L.

1973. Aging and sexing the post-cranial
of Bison. Plains Anthropologist 18:

skeleton

132-139.

V

Geist,

1966. Validity of horn segment counts in aging
bighorn sheep. Journal of Wildlife Management
30: 634-6.35.

GEm'.

R. 1975. Sisson and Grossman's anatomy of the
domestic animal. 5th ed. 2 vols. W. B. Saunders

Co., Philadelphia. 2,095pp.
C G 1965. Growth and development of desert
bighorn sheep. Journal of Wildlife Management
29:387-.391.

Hansen,

Hemming, J E

1969. Cemental deposition, tooth succesand horn development as criteria of age in

sion,

Dall sheep. Journal of Wildlife

Management

33:

5.52-.558.

D R 1964, Range-related differences in growth of
deer reflected in skeletal ratios. Journal of Mammalogy 45: 226-235.
Knight, R. R 1966. Bone characteristics associated with
Klein,

aging in

elk.

Journal of Wildlife

Management

30:

369-374.
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